In adults of the small fresh water teleost, Oryzias latipes, it was shown that the curve showing the relationship between the survival time after X-irradiation and the dose applied is similar in shape to those reported for laboratary rodents : Small doses of X-rays did not exert acute lethal effect on the fish, while very large doses killed the irradiat ed fish instantaneously.
INTRODUCTION
In adults of several mammalian species, the relationship between the length of survival time after exposure to X-rays and dose of irradiation has been investi gated by many workers'-'). Table 1 (Stages A-H) were given a single X-ray exposure of 0, 0.5,1, 2, 4, 8, 16, 32, 64, 128 and 256 kR, respectively, at room temperature. The X-ray equipment was operated at 200 kVp, 20 mA, with 0.5 mm Cu and 0.5 mm Al filters, and the materials were placed about 25 cm from the X-ray source, the exposure rate being 400 R/min in air. During the irradiation period, the animals were kept in a small lucite vessel containing water 0.8 cm in depth.
Immediately after irradiation , the embryos of Stages A-E were incubated in petridishes, 9 cm in diameter , and newly hatched fry after incubation were transferred into large vessels . Each group of the ir radiated fry and adults (Stages F-H) was kept in a cylindrical glass vessel contain ing about 2 liters of water.
In all groups , fish were carefully maintained at 23°±1°C for a period of 30 days, and were examined under a dissection microscope every day to record the number of dead individuals . In the case of embryos at early stages (Stages A and B), dead individuals were distinguishable from the living transparent ones by their opaque appearance . Mean survival time after irradiation was calculated for each group.
RESULTS
Results of the experiments are summarized in Table 2 . In seven groups, which are indicated by asterisks in Table 2 , survival data were not obtained because of an accident. Dose-survival time relationship curves for fish irradiated at eight different stages are given in Fig. 1 . In general, small doses (0.5, 1 kR) of X-rays did not exert any clear lethal effects on the fish within 30 days, while very large doses killed the fish within a short time.
Betwe en these extremes, the dose-survival time relationship was different among fish at different developmental stages: If morulae (Stage A) were irradiated, the survival time of the embryos after irradiation steadily decreased with the increase of the radiation dose (Fig. 1, A) . On the other hand, in the irradiated adults (Stage H), as reported earlier"), the mean survival periods of the fish after irradiation with 4, 8,16, 32 and 64 kR were about 10 days, irrespective of the dose size. Therefore, in the dose-survival time relationship curve, a clear plateau, the so-called "dose independent range" was shown in the adult (Fig. 1, H) . In fish at stages older than the newly hatched fry (Stages F, G and H), mean survival times after irradiation with 8 ,16, 32 and 64 kR were approxi mately the same, however, those with 128 kR were markedly short . Then, in these stages the dose-independent range was clearly demonstrated as in adult fish (Fig .   1, F, G, H) . The dose-survival time relationship curve in the prehatching embryos (Stage E), was almost same in shape to that in the newly hatched fry (Stage F). However, survival time of the embryos at Stage E following 128 kR irradiation was significantly longer than that of the irradiated fry (Stage F) . If young embryos at the stages B, C and D were exposed to various doses of X-rays, different shapes of the dose survival time relationship curves were obtained.
The survival times after the high dose irradiation (128 , 256 kR) in Stages B, C and D, were longer than those in older fish (Stages E-H) . Furthermore, differences of survival time anong 2, 4 and 8 kR-groups in younger embryos were not so consistent as those in older fish. In the result , as shown in Fig. 1 , the curvature of dose-survival time relationship curves for embryos were less than that for adult.
At any rate, comparison of the shape of these curves for all stages indicates that the so-called " dose-independent range " becomes clear during embryonic development.
DISCUSSION
In a series of previous experiments3'' '8) , it has been demonstrated from histo pathological and autoradiographical studies of adult fishes that (1) the central nervous system is the critical system responsible for the instantaneous death of fish irradiated with 100 kR or more, (2) intestinal damage is responsible for acute death after irradiation with doses within the "dose-independent range" (4-64 kR) and (3) the hematopoietic organs have an important bearing on the radiation death following a single exposure of 2-3 kR. The distinct presence of the "dose -in dependent range" observed in adult fish has been explained in relation to the life span of the intestinal epithelial cells after irradiation , as suggested by Quastler for mammalian gastrointestinal radiation death9"10>. This explanation would be also the case for the " dose-independent range" found in prehatching embryo and fry since the morphological structure and function of the intestine in these stages are not so different from those in adult.
On the other hand, in embryos younger than Stage D, the critical organs in radiation death have not yet developed. According to detailed embryological observations by Ikeda11 , the mucous layer of the intestine of Oryzias latipes has been differentiated at the Stage 28 (Matsui)12). In embryos of these stages (Stages A, B, C and D), the shape of the dose-survival time relationship curves is also different from those in fry and adults, and presence of the dose-independent range is not distinct.
From these facts, it is noted that the dose-independent range of the dose survival time relationship after X-irradiation of the fish becomes apparent during embryonic development with the differentiation of the intestinal epithelium .
